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ABSTRACT: The presence of fungi was investigated in 22 samples of different dried
plant origin products used for the preparation of muesli (grain products, dried fruit, nuts,
oilseeds), using three media. The determined contamination levels were between 0,6%
(grain products) and 46,4% (raisins).
The xerotolerant Aspergillus, Penicillium and Eurotium species, mostly toxigenic, and
fungi from Rhizopus genera, were the most frequent in the investigated samples.
Aflatoxin B1 (AB1) was not detected in any sample, while aflatoxin G1 (AG1) was
found in one almond sample (0,14 g/kg). Two almond samples were contaminated with
ochratoxin A (OA), 8,00 and 16,00 g/kg, and one sunflowerseed sample had it in traces.
Zearalenone was found in two sunflowerseed samples (120,00 and 200,00 g/kg).
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INTRODUCTION
Muesli are the mixtures of different grain products in combination with
dried fruit and nuts, oilseeds and other components. These products are custo-
mary present in vegetarian and macrobiotic nutrition. This type of foodstuff is
also very often used in nutrition of other categories of population, with the
aim to decrease obesity and other health problems, as well as the need for pro-
per and balanced intake of nutrients. They are recommended as a biologically
valuable meal and as the source of fibres.
However, the microbiological contamination of dried plant origin pro-
ducts is a very serious problem from the standpoint of both hygienic and he-
alth aspect. The grains and fruit are contaminated by different fungi species
during the vegetation period, and some of them may produce toxic metaboli-
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* The paper was presented at the first scientific meeting MYCOLOGY, MYCOTOXICO-
LOGY AND MYCOSES held from 20—22 April 2005 in Novi Sad.tes. The possibility of subsequent contamination with fungi and mycotoxins is
increasing during processing and further handling.
The xerotolerant (xerophylic) mycopopulation is regularly present in sto-
rehouses of dried products. The representatives of this group are some Asper-
gillus and Penicillium species, Emericella, Eurotium, Paecilomyces, Wallernia,
Xeromyces and others (P i t t, 1975; P i t t and H o c k i n g, 1985; B e u -
c h a t and H o c k i n g, 1990).
This work includes the investigations of the presence of fungi in indivi-
dual components used for the preparation of muesli, the presence of xerophilic
populations and the most important mycotoxins.
MATERIALS AND METHODS
22 samples of dried plant products — components of muesli — were in-
cluded in the investigations: grain flakes — wheat, oat, rye, barley, and corn
(5 samples), raisins (5 samples), almond (3 samples), hazelnut (3 samples),
sunflowerseed (3 samples) and naked pumpkinseed (3 samples).
Three mycologic media were used for the isolation of fungi and determi-
nation of total count: a) Sabouraud maltose agar- common medium; b) Czapek
yeast extract agar with 20% of saccharose (CY20S): K2HPO4 — 1 g, Czapek
concentrate — 10 ml, yeast extract — 5 g, saccharose — 200 g, agar — 15 g,
distilled water — 1 l; c) Malt extract yeast extract 20% glucose agar (MY20G):
malt extract — 10 g; yeast extract — 2,5 g, glucose — 200 g, agar — 10 g,
distilled water up to 800 g.
The standard Koch's method was used as the isolation technic. The ino-
culated Petri dishes (in duplicate) were incubated for 7 days at 25°C.
The idenfitication and determination of fungal genera and species were
carried out according to E llis (1971) and H o c k i n g (1985) and S a m -
s o n and v a n R e e n e n - H o e k s t r (1988).
The determination of toxic fungi metabolites, aflatoxins B1 (AB12) and
G1 (AG1), ochratoxin A (OA) and zearalenone (ZEA) was performed using
the multimycotoxinic method of B a l z e r et al. (1978). The toxins were de-
termined by thin-layer chromatography (TLC). The determined toxins were
quantified by visual comparison of fluorescence intensity of sample spots with
the corresponding referent standard.
RESULTS AND DISCUSSION
Investigating the contamination with fungi of six groups of components
used for the preparation of muesli (Figure 1), it was found that their occurren-
ce was especially expressed in raisins, 46,4%. To lesser extent were contami-
nated the naked pumpkinseed (24,1%), almond (17,0%) and sunflowerseed
(10,7%), while the contamination of grain flakes is practically negligable
(0,6%).
82The results of mycological in-
vestigations (Figure 2) showed that
xerophylic micropopulations are the
most frequent in dried vegetable pro-
ducts. Species from Aspergillus ge-
nus were isolated from 81,8%, Pe-
nicillium from 59,1% and Euroti-
um from 31,8% of samples. The
presence of Paecilomyces genus was
somewhat less (22,7%). The occur-
rence frequency of non-xerophilic
fungi was: Rhizopus 45,4%, Cla-
dosporium 27,3%, Syncephalastrum
22,7%, Alternaria 18,2%, Fusari-
um 13,6%, Mucor and Trichoder-
ma 9,1%, Aureobasidium, Monili-
ella and Scopulariopsis 4,5%.
This second group of signifi-
cantly more numerous genera is
usually more active before drying
and in this kind of foodstuff, which
is insufficiently dry, however, all genera
are not equally significant. Fusarium and
Alternaria genera should be separated, as
their representatives are known to synthe-
size different toxic metabolites (G o t o,
1990; V i n a s et al., 1992), when the
substrate moisture content is above 20%
(B u l l e r m a n et al., 1984). However,
due to the ability of xerophylic fungi to
grow under reduced moisture, they are sig-
nificantly more difficult to control. Their
growth depends on the aw range from
0,80 to 0,61 (extreme xerophylic Xeromy-
ces bisporus, Chrisosporium fastidum etc.)
(B e u c h a t and H o c k i n g, 1990).
The xerophylic fungi isolated from
muesli components are in the group of
imperfect forms (Fungi imperfecti), or are
the perfect forms of Aspergillus genus
(Eurotium). Their presence is presented
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Figure 1. Contamination of muesli components
by fungi
Figure 2. Presence of fungi genusin Table 1. Twenty one (21) xerophylic species were determined, representing
52,5% of total number of isolated ones (40). A. niger is dominant between
them, and it's presence was found (registered) in raisin, almond, hazelnut,
sunflowerseed and naked pumpkeen seed, followed by A. flavus and P. auran-
tiogriseum. Comparing the individual components it can be concluded that al-
mond, hazelnut and sunflowerseed were contaminated with highest number of
fungi species.
A. niger and A. flavus were found in 68,6 and 36,4% of samples, respec-
tively, pointing to the domination of Aspergillus spp. in dried products. Euroti-
um herbariorum (22,7%) was the most frequent fungus of Eurotium genera.
The same frequency was noted in Penicillium aurantiogriseum and Paeci-
lomyces variotii. The ratio of A. terreus, P. chrysogenum and P. glabrum was
also significant. The deterioration of walnut, dried fruit and different seeds
may be connected with species isolated during these mycologic investigations
(P i t t and H o c k i n g, 1985; A b d e l g a v a d and Z o h r i, 1993; W e i -
denborner a n d Kunz , 1994).
Table 1. Xerophilic fungi isolated from muesli components
Mould species Grain
flakes Raisins Almond Hazelnut
Sun-
flower-
seed
Naked
pumpkin-
seed
Presence
(%)
Aspergillus candidus + 4,5
A. Flavus + + + + 36,4
A. niger ++++ + 63,6
A. ochraceus + 4,5
A. penicilloides + 4,5
A. tamarii + 4,5
A. terreus + + 18,2
A. versicolor + + 9,1
A. wentii + 9,1
Eurotium amstelodami + 9,1
E. chevalieri + 4,5
E. herbariorum + + + 22,7
Paecilomyces variotii + + 22,7
Penicillium
aurantiogriseum + + + + 22,7
P. brevi-compactum + + 9,1
P. chrysogenum + + 13,6
P. glabrum + + + 13,6
P. implicatum + 4,5
P. restrictum + 4,5
P. rugulosum + 4,5
P. spinulosum + 4,5
Most of the isolated species produce different toxic metabolites, however,
A. flavus (aflatoxins), A. ochraceus, P. aurantiogriseum, P. chrysogenum (ochra-
84toxin A), A. versicolor, Eurotium spp. (sterigmatocistin) and Paecilomyces va-
riotii (patulin) are the producers of the most important mycotoxins (H a c k -
ing a n d Rosser , 1981; F r i s v a d, 1988; G o t o, 1990; D u r a koviã
a n d Durakoviã , 2003). These toxins produced as secondary metabolites,
are potential mutagenes, teratogenes, cancerogenic and immunosuppressive agents.
The results of the investigations of contamination with aflatoxins (AB1
and AG1) and ochratoxin A (OA), including the investigation of zearalenone
of Fusarium spp. are presented in Table 2.
Table 2. Mycotoxins in muesli components
Sample
Aflatoxins (g  kg–1) Ochratoxin A
(g  kg–1)
Zearalenone
(g  kg–1) AB1 AG1
Grain flakes:
Wheat ————
R y e ————
O a t ————
Barley ————
Corn ————
Raisins
1 ————
1 ————
3 ————
Almond
1 — — 16,00 —
2 — — 8,00 —
3 — 0,14 — —
Hazelnut
1 ————
2 ————
3 ————
Sunflowerseed
1 ————
2 — — — 120,00
3 — — — 200,00
Naked pumpkinseed
1 ————
The presence of AB1 was not stated in any muesli component, while one
almond sample contained AG1 in concentration of 0,14 g/kg. Two almond
samples were contaminated with OA in detectable quantities, and one sun-
flowerseed sample in traces. The toxin level in one almond sample was 16,00
g/kg, and according to our legislations the maximum allowed limit of OA is
10,00 g/kg (Yugoslav Official Regiester SRJ 5, 1992). Zearalenone was found
in two sunflower samples, in high concentrations, 120,00 and 200,00 g/kg.
85In contrast to aflatoxin and ochratoxin, zearalenon acts as estrogenic hor-
mone affecting in the first place the genital tract of laboratory animals (O ÿ e -
goviã a n d Pepeljnjak , 1995).
Having in mind that contamination occurs during the vegetation period of
plants, there is no absolute safety from contamination with mycotoxins, how-
ever, severe control, preventing the contamination with and growth of these
microorganisms throughout the whole production and processing chain, to the
consumers, may be the preventive activities in decreasing the risk of the
exposure to alimentary diseases. This is a very important problem as toxins are
cummulating in the organism, their effect is long-lasting and it is very difficult
to remove them from the living organism.
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KSEROTOLERANTNE MIKOPOPULACIJE I MIKOTOKSINI
U KOMPONENTAMA MUSLIJA
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Rezime
Ukupno 22 uzorka razliåitih suvih biqnih proizvoda za pripremu muslija
(proizvodi od ÿitarica, sušeno voãe, jezgrasto voãe, seme uqarica) ispitana
su na prisustvo plesni, na tri podloge. Utvrðeni nivoi kontaminacije bili su
izmeðu 0,6% (proizvodi od ÿitarica) i 46,4% (suvo groÿðe).
Kserotolerantne Aspergillus, Penicillium i Eurotium vrste, najveãim delom
toksigene, zajedno sa plesnima roda Rhizopus, bile su najzastupqenije u ispiti-
vanim uzorcima.
Od uzoraka analiziranih na aflatoksine, aflatoksin B1 (AB1) nije detek-
tovan, dok se aflatoksin G1 (AG1) nalazio u jednom uzorku badema (0,14 g/kg).
Ohratoksinom A (OA) bila su kontaminirana dva uzorka badema (8,00 i 16,00
g/kg) i jedan suncokreta (u tragovima). Kod dva uzorka suncokreta pronaðen je
zearalenon (120,00 i 200,00 g/kg).
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